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DEVELOPMENT OF LARGE REFRIGERANT COMPRESSORS

Anders Lundberg, Chief Engineer
STAL Refrigera tion AB
Norrkopin g, sweden

The size range "large refrigera nt compresso rs"
is understoo d hereinaft er to mean compresso rs
with displacem ents of about 300 m3jh to 7,000
m3/h.
Several different compresso r types in
this size range have been studied, but those
with which the greatest success has been
achieved are reciproca ting compresso rs and
screw compresso rs. The reciproca ting compressors are constantly being developed ,
but the developme nt is largely a matter of
improveme nts to familiar and wellprove n components.
The technique for developme nt of
new valve systems, for instance, has become
much faster and more reliable in consequen ce
of the simulatio n methods nowadays available .
A detailed account of the latest experienc e
of this technique will quite certainly be
presented during this conferenc e.
The machine type on which by far the most
developme nt work has been carried out in
recent times is the oil-injec ted screw compressor.
Compresso rs of this type were
introduced to the market as refrigera ting
compresso rs about 15 years ago and farily
soon found a natural size range of about
750 m3jh to 2,500 m3jh, i.e. bigger than
most common sizes of reciproca ting compressors and smaller than most common centrifugal compresso rs.
These displacem ents correspond to rotor diameters of 200 to 250
mm with direct drive from 2-pole AC motors.

the leading flank of the male rotor (point
I to J), while point-gen erated means that
a point on one rotor (B on the female rotor,
H on the male rotor) generates a flank on
the other rotor. The major advantage s of
the new profile are that:
an increased displacem ent is obtained
from given dimension s.
a shorter sealing line is obtained in
the rotor mesh, i.e. the sealing area
between high pressure side and lowpressure side will be smaller.
- there will be a smaller blow hole. The
blow hole is a leakage area giving
leakage from an interlobe space with
higher pressure to the next-inte rlobe
space with lower pressure.
This has
little influence on volumtric efficienc y,
but affects the power consumpti on of
the compresso r.
- better meshing propertie s, i.e. the profile works even better as a gear than
the earlier symmetric al profile. The
reason for this is the line generated
leading flank.
The profile thus gives both better volumetri c
efficiency and better total efficiency . It
is character istic that the profile gives substantial improveme nts at low tip speeds, i.e.
permits the introduct ion, from the standpoint of efficienc y, of smaller screw compressors than are common today.

The most important developme nt phases of
the last five years can be summarize d as
follows:

ECONOMIZER SYSTEM

- asymmetri cal rotor profile
- economize r system

This system has been described earlier in
some articles, as indicated in the list of
reference s.
In principle , the system is
based on the liquid after the condenser in
the plant being either throttled in two
stages or subcooled in a heat exchanger (Fig.
2). The flash gas formed in course of
throttling is subsequen tly introduced at an
intermedi ate-pressu re port in the compressor, positione d in the rotor housing where
a suitable intermedi ate pressure prevails.

- auxiliary systems such as oil separation, oil cooling and capacity control
ASYMMETRICAL ROTOR PROFILE
The asymmetri cal profile (Fig. 1) is built
up with a line-gene rated leading flank and
a point-gen erated trailing flank.
Linegenerated means that the entire flank of
the female rotor (point D to E) generates
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nevertheless be used with some caution in
certain operating conditions. A more reliable system is to mix the warm oil and
liquid refrigerant in a mixer, and inject
the cooled oil and flash gas into the compression chamber. The discharge temperature is hereby kept so low that the oil in
the sump can be used for lubrication of
bearings, shaft seal, etc.

By this means, the thread volume is supercharged with the amount of flash gas formed.
By employing this system on a given compressor 20-40% higher capacity is gained, depending on operating conditions. A further
benefit being an improvement of 5-30% of
the specific capacity (refrigerating capacity/power consumption). This improvement
of the specific capacity is gained mainly
by the two-stage effect, which means that
the increase in refrigerating capacity due
to subcooling of the liquid increases more
than the power consumption due to compression of the flash gas. The flash gas must
of course be compressed from intermediate
pressure to high pressure. Further gains
are obtained because a large part of the
compressor losses is fixed and related to
a higher refrigerating capacity.

Electronic capacity regulating systems have
been developed which are directly adapted
for the functions required in the screw
compressors in order to fully utilize the
continuous and highly sophisticated capacity
control capabilities of this compressor
type. Also built into these systems are
secondary functions such as minimum switch
for unloaded starting, motor current limitation, time delay for oil pressure cutout, etc., in order to simplify plant engineering.

The system has been used on a large scale
in recent years. The background is that it
allows a very simple installation build-up
in comparison with a two-stage system. The
efficiency in normal freezing applications
is roughly between that of a single-stage
and a two-stage plant.

LARGE SCREW COMPRESSORS
The development work carried out has made
it possible from an economical standpoint
to extend, both upwards and downwards the
natural size range for screw compressors.
Over the last 2-3 years, several screw
compressor manufacturers have introduced
larger screw compressors in the range of
about 7,000 m3jh displacement.

AUXILIARY EQUIPMENT
When the oil-injected screw compressors
first were introduced considerable problems
were encountered in some installations with
the oil separation and the entire design
of the plant in order to adapt this to an
oil-injected compressor. Over the years,
great investments have been made by different manufacturers of screw compressors
in order to improve the efficiency of the
oil separators. Today, a great deal more
is known about oil separation, which is no
longer a problem.

The design philosophy behind the development of these compressors has been to attain the greatest possible operational
reliability and robustness. The cost aspect is not equally dominant for these
sizes as it is in the case of smaller compressors. Figure 3 shows an example of
such a compressor from one manufacturer.
This compressor has a rotor diameter of
approximately 330 mm and a rotor length
The compressor
of approximately 590 mm.
gives a refrigerating capacity of 5300 kW
at +25/-l0°C with NH 3 as refrigerant.

Oil separation systems can often be selected
according to plant type, i.e. depending on
the demand on the degree of oil content in
the refrigerant. Even a standard oil separator nowadays gives such a low oil carryover that, counted for instance in kg/h of
circulated refrigerant, the oil consumption
is as low as in a modern reciprocating compressor.

SMALL SCREW COMPRESSORS
The range of the screw compressors has also
been extended downwards and as a result the
screw compr~ssor is now definitely in the
range covered by the reciprocating compressor.

A great deal of work has also been devoted
to the development and simplification of
oil cooling systems. Formerly, the oil
was always cooled with water in an ordinary
In
oil cooler, which is still done today.
order to avoid using water, refrigerant
cooling systems have been developed and
there are now a number of such systems
available. One method is to use a heat
exchanger and to lead the boiled-off refrigerant back to the condenser. Another
system is to inject liquid refrigerant directly into the compression chamber at a
pressure lower than the discharge pressure.
This system is widely used, but should

As mentioned earlier, the asymmetrical profile has enabled a competitive efficiency
to be attained even at relatively low tip
speeds. On the other hand, radically new
approaches have been necessary in the design development work in order to get an
economically defendable product. Scaling
down of the layout of the bigger compressor units does not give an adequate cost
reduction, despite the fact that the large
reciprocating compressors compared with are
heavy-duty units intended for industrial
operation.
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Figur e 4 shows an examp le of a screw compress or which was intro duced to the mark et
a good two years ago. As can be seen, it
has comp letely new desig n conce pts.
The
displ acem ent is 600 m3/h with 60 Hz drive .
The comp resso r is built up with a verti cal
shaft and the rotor unit is centr ally sited
in the comp resso r housi ng. The latte r serves also as an oil separ ator. The verti cal
const ructi on means that space requi reme nts
are very smal l.
In the rotor unit itsel f, the simp lifica tions in desig n are far-re achin g.
The rotors are carri ed in rolle r beari ngs, which
has the advan tage of enab~ing the oil pump
to be elimi nated . Furth er, the slide valve
arran geme nt and the hydra ulic system in the
capac ity contr ol devic e have been drast ically simp lified , with few toler ance chain s
and parts with simpl e mach ining . The number of parts in this comp resso r is only two
third s of that in a conve ntion al comp resso
r.
When the entir e comp resso r unit is studi ed,
i.e. inclu ding also the neces sary auxil iary
equip ment like oil system and oil separ ation, it is of the utmo st impo rtanc e for
the syste ms here too to be simp lified . The
cost of the auxil iary equip ment is more
than 50% of the cost of the entir e unit.
Cons idera ble effor ts have been devot ed to
the devel opme nt of effec tive and small oil
separ ators . The examp le shown is based on
the very lates t exper ience , as evide nt from
the dimen sions of the oil separ ator. Oil
cooli ng is achie ved with eithe r water or
refri gera nt.
In the case of refri gera ntcoole d oil, oil and liqui d refri gera nt are
mixed in a small mixer outsi de the comp ressor and the coole d oil and the flash gas
are then injec ted into the comp resso r at
inter medi ate press ure. The amoun t of liqui
d
refri gera nt is regul ated by an injec tion
valve . The system is far simp ler than a
system with a wate r-coo ler oil coole r.
There will, howe ver, be some incre ase in
the power consu mptio n of the comp resso r, as
the flash gas forme d has to be comp ressed
from inter medi ate press ure to conde nsing
press ure.
The exam ple discu ssed here illus trate s one
possi ble way to simp lify and integ rate systems into small screw comp resso rs to be
able to comp ete with moder n high- speed recipro catin g comp resso rs.
Seve ral manu factu rers are worki ng on the
devel opme nt of even small er screw comp ressors.
Here, simp lifica tion must be broug ht
still furth er, as the range conce rned is
the same as for the mediu m-siz ed, highvolum e and inexp ensiv e recip rocat ing compress ors.
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ZIMMERN-TYPE COMPRESSOR
A comp letely new comp resso r type - the
ZIMMERN type - was intro duced by two companie s in Europ e durin g 1975. This comp ressor type was alrea dy avail able as an air
comp resso r, but has now been devel oped as
a
refri geran t comp resso r. The comp resso r is
volum e-con trolle d with oil injec tion and
shoul d there fore have large ly the same properti es as the estab lishe d SRM- screw compress or.
As can be seen from Fig. 5, the comp resso r
has a singl e 6-thr ead helic ally groov ed rotor and two ident ical gearw heels engag ing
there in. The task of the gearw heels is to
seal in the rotor meshe s in order to obtai
n
inter nal comp ressio n. The comp resso r works
on the princ iple of built -in volum e ratio
and thus has no valve s. The sucti on and
disch arge ports are locat ed in the rotor
housi ng on both the top and the botto m of
the singl e rotor , meani ng that both sides
are utiliz ed for comp ressio n and that the
gas force s on the rotor are coun terba lance
d.
The sizes so far prese nted in catal ogue data
have disp~acements in the range of 800 m3/h
to 2400 m h and thus agree with the common
screw comp resso r range .
This comp resso r has not yet had a chanc e to
prove itsel f in the field , but one could expect that it will be more talke d about in
the futur e.
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Economize r Arrangeme nt With
Two-Stage Throttling
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Figure 5

GRASSO "Monoscrew" Compressor
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